Recently, NOAA developed the AVHRR-based Vegetation Condition Index (VCI) for drought monitoring. This index was used for estimating pasture and crop productivity in Kazakhstan. The results of VCI-derived vegetation conditions were compared with vegetation density, biomass and reflectance measured in different climatic and ecological zones with elevation from 2001 to 700 m and a large range of the NDVI variation (over space and season) from 0.05 to 0.47. An estimation error of AVHRR-derived vegetation density was less than 16 per cent. First time it was shown that the VCI-derived vegetation condition data can be effectively used for quantitative assessments of both vegetation state and productivity (density and biomass:) over large areas.
INTRODUCTION
Drought is the typical phenomenon of the Kazakh cllimate which occurs every two to four years. In order to mitigate drought consequences thorough monitoring of drought start, expansion and duration is required. The goal of the work was to develop and test algorithms for using data obtained by the Advanced Very High Resolution Radiometer (AVHRR) flown on NOAA polar orbiting satellites for quantitative monitoring seasonal dynamics of pasture and crop conditions and production in Kazakhstan. In the paper we present comprehensive results of the validation of AVHRR-derived vegetation conditions with actually measured vegetation density.
DATA AND METHODS
Satellite data set contained Global Vegetation Index (16 km spatial resolution, 7 days temporal resolution) from NOAA-9, NOAA-11, and NOAA-14 (Ollring et al., 1989) in a period from 1985 These measurements were made in the spectral bands corresponding to the red and near infra-red channels of the AVHRR sensor. The reflectance were determined as ratio of upwelling radiance of vegetation to that of reference plate. NDVI variation over space were studied also using airborne radiometer in the channels of NDVI. The highest and the lowest NDVI values during 1985-1995 for each of the 52 weeks of the year and for each pixel was calculated. The weather component of the NDVI was enhanced by separating it from the ecosystem component [ 1-31, The weather-related NDVI envelope was linearly scaled from zero (minimum NDVI) to 100 (maximum NDVI) for each grid cell and week. The resulting index was named the Vegetation Condition Index (VCI) defined by the following:
where NDVI, NDVI max and NDVI min are the smoothed weekly NDVI [4] , its multi-year maximum, and multi-year minimum, respectively, calculated for each pixel. (Fig. 4) . Alpough there are some local differences, correlation was high r = 0.76 with an estimating error of vegetation density of less than 16 percent. This error is less for low density, indicating that in cases of very unfavorable weather (such as drought) the accuracy of VCI-derived estimates is higher. One of the main causes for scattering of the VCI vs. Density relationship may be the difference between aerial estimates from satellite data and point measurements of ground density. 
